The antenatal investigation of an obstetric patient with a history of myotonia is described. The smooth and striated muscle dysfunction in myotonic dystrophy renders these patients, as a group, liable to surgical correction and exposure to anaesthesia. A caesarean section is reported to illustrate the preferred timing of diagnosis and peripartum management. While regional anaesthesia is preferred, myotonic dystrophy is not a contraindication to general anaesthesia, provided risks are anticipated and steps taken to minimize complications.
Hereditary disorders of muscle excitability, the inherited myotonias and periodic paralyses, are caused by defects in genes which encode muscle ion channels 1 . Myotonia has significant implications for the surgeon and obstetrician as well as anaesthetist ( Table 1 ). Because the disorder affects smooth and striated muscle, these patients may require colorectal, gynaecological, cardiac, dental and other surgery. The following case history emphasizes the central role of preoperative and antenatal investigation of the obstetric patient at risk of carrying the gene for one such inherited disorder, myotonic dystrophy.
CASE HISTORY
A 21-year-old primigravida presented for caesarean section at 39 weeks gestation for preeclampsia. Her blood pressure (BP) increased to 180/100 mmHg from a booking BP of 110/70 mmHg at seven weeks' gestation. Urinary protein was 200 mg/l. Serum urate, platelet count, liquor volume and fetal cardiotochograph were all normal. The patient, her mother and her sister were said to suffer from myotonia. During childhood she underwent general anaesthesia for removal of teeth and reduction of a fractured wrist. No details were known of precautions taken or of complications from these procedures.
Our patient had generalized non-progressive weakness involving upper and lower extremities, in both proximal and distal muscles. The weakness and wasting of her sternocleidomastoid muscles gave a long swan-like appearance to her neck. There was relative sparing of her extraocular striated muscle. She had minor ptosis, difficulty puckering her lips and slow speech ( Figure 1 ). Though able to chew and swallow all except tough steak, she had significant caries. Her gait was normal, and her exercise tolerance was limited by leg stiffness when she hurried. She was of low normal intelligence and had been educated to grade 8. Her antenatal blood glucose and echocardiograph were normal. No electrocardiographic conduction abnormalities, in particular no tachyarrhythmias, occurred before, during or after her delivery. During the pregnancy, occasional abdominal pain and dysphagia but no urinary incontinence occurred.
Electromyography
At electromyography, when the needle electrode was inserted into her adductor pollicis brevis and when she attempted to relax this muscle, there were considerable spontaneous action potentials (which waxed and waned), occasional fasciculation potentials and an increased number of polyphasic units. A characteristic "dive bomber" noise was audible. During formal ulnar nerve stimulus of the metacarpophalangeal joint of the index finger, both weakness and myotonia were demonstrated. She had a 40% reduction in resting tension, 60% reduction in twitch tension and a significant impairment of relaxation of both hand grips. The half time for relaxation after a contraction was increased by 1100%, even though there was no evidence of any repetitive firing in the ulnar nerve after cessation of the stimulus ( Figure 2 ). Her forced expired volume in 1 second, total vital capacity and peak expiratory flows were reduced to 2.5, 2.9 and 262 l/min compared with control values of 3.7, 4.2 and 467 l/min respectively predicted for her height and weight. Her arterial blood gases were not obtained.
DNA Analysis
At 14 weeks gestation DNA analysis was performed on patient samples, samples from her partner and choriovillous material. The gene defect in myotonic dystrophy is an expansion of a repeat triplet sequence in a gene on chromosome 19. This gene encodes a member of the myotonin protein kinase family. The function of this phosphorylating enzyme is still unclear. Secondary effects generated by such a mutation are not surprising, because many muscle membrane channels are regulated by phosphorylation. 302 
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Dental 3
Caries are due to delayed oral clearance, lower volume of salivary secretions, muscle inco-ordination and diminished self-cleaning ability. More chewing cycles are required to bring food to a swallowing threshold.
Respiratory 4
Acute and chronic respiratory failure is common and potentially life-threatening. Weakness of diaphragm, intercostal and accessory muscles contributes to a significant respiratory deficiency. A restrictive impairment in pulmonary function progressively develops with a decrease in expiratory reserve volume, vital capacity, and maximum breathing capacity.
Diaphragm muscle has increased excitability threshold and a diminished compound muscle action potential in response to high level phrenic nerve stimulus. An impairment of central ventilatory drive and sleep apnoea mandate postoperative monitoring. Some myotonics become hypoxic during sleep. This leads to daytime somnolence.
Gastrointestinal 5 Abdominal pain and dysphagia, chronic or episodic diarrhoea, coughing while eating, anal incontinence and, rarely, gastric volvulus may occur.
Urine 6
Hyperreflexic detrusor muscle and low maximum closing-pressure of the urethral sphincter cause urinary hesitancy, frequency, urgency and stress incontinence.
Pregnancy
Polyhydramnios results if the neonate carries the disease. Premature labour and the mother's muscle weakness or myotonia can lead to difficulties delivering the infant. The uterus may become either hypotonic (with a risk of postpartum haemorrhage) or myotonic (leading to premature precipitate delivery or difficulty suturing up after caesarean section).
Neonate 7
Inherits myotonic dystrophy in an autosomal dominant fashion. The affected neonate may display severe hypotonia, facial diplegia and respiratory distress on delivery.
Cardiovascular 8, 9 Microangiopathy causes decreased global and regional coronary perfusion even though the left ventricular size and function may be normal. Abnormalities of cardiac conduction are common. Ventricular arrhythmia or complete heart block may cause sudden death. Heart failure is rare.
Cerebral 10
Patients with maternally inherited myotonic dystrophy are slow in mental performance scores, information processing, visual construction and some measures of frontal functioning.
Endocrine 11 There may be failure of growth hormone release and peripheral insulin resistance with compensatory pancreatic beta cell hyperinsulinaemia. The partner's analysis was normal. The patient was found to carry one copy of the gene with 11 normal repeat trinucleotide sequences. The other gene had abnormally large sequences ( Figure 3 ). No abnormal enlargement was detected in the choriovillous sample. The couple were advised there was more than a 50% chance that the baby was normal. Furthermore, if the baby were normal at birth, myotonic dystrophy would not develop later in life.
Anaesthesia and Delivery
The patient proceeded to a transverse caesarean section under spinal anaesthesia. Premedication included two doses of oral ranitidine 150 mg and 30 ml 0.3 molar sodium citrate. After 1000 ml warmed Ringer's lactate was infused intravenously, morphine 0.2 mg and hyperbaric bupivacaine 11.5 mg were injected intrathecally at the second lumbar interspace. The patient was placed supine with a 15° left lateral tilt and oxygen 6 l/min administered via a facemask. All intravenous and surgical irrigation fluids were warmed and radiant and water blankets were used to maintain normothermia. A normal 3.4 kg male infant was delivered with Apgar scores of 9 at 1 and 5 minutes of age. Surgical haemostasis was secured with ligatures and oxidised cellulose, and diathermy and excessive muscle handling were avoided.
Postoperatively hourly temperature, vital signs and fluid balance were monitored in a high-dependency room of the labour ward. The spinal block regressed fully. There was no vomiting and four doses of paracetamol 1000 mg were administered for analgesia. By 24 hours post partum the patient was mobile, tolerating oral fluids and had minimal blood loss. Her hand and arm weakness impaired her ability to dress and carry the infant. Mother and baby were discharged home on the fifth postpartum day.
DISCUSSION
Three aspects of myotonic dystrophy and other channelopathies should be emphasized. These are preoperative or antenatal diagnosis; avoidance of myotonia or further muscle weakness; and monitoring of the effect of confinement or surgery on the multiple diseased systems.
Antenatal Diagnosis
The signs and symptoms of clinical phenotypes have been tabulated elsewhere 12 . Any patient with a family history of weakness or muscle spasms may have myotonia. Unless a careful history is taken and a detailed neurological examination is performed, the significance of subtle clinical signs and symptoms may not be appreciated preoperatively. If results are ambiguous, electromyography and molecular genetic testing can secure a diagnosis.
Depending on the particular ion channelopathy, what is recommended for one myotonic disease may not be appropriate for another (Table 2) . Uncontrolled muscle contraction or paralysis may be triggered by hypo-or hyperkalaemia and by cold or warmth. Furthermore, hyperexcitability and paralysis 303 
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Anaesthesia and Intensive Care, Vol. 27, No. 3, June 1999 FIGURE 2: Hand-grasp pressure waveforms. Note the weakness, reduction in maximum grip-strength, prolonged onset to maximum grip and markedly prolonged relaxation time in myotonic dystrophy, when compared with the stronger instantaneous grip and relaxation in the normal control. can both result from the same ion channelopathy. Dramatic clinical differences between patients with the same channel disorder may reflect relatively minor abnormalities of membrane potential 1 . When the muscle resting membrane potential becomes slightly more positive (e.g. from -70 to -60 mV) the myofibre more easily reaches the threshold for triggering an action potential. Hyperexcitability (myotonia) results. If the resting membrane potential becomes even more positive (e.g. from -60 to -40mV) the fibre cannot produce an action potential owing to the loss of a sufficient resting membrane potential. This inability to fire is synonymous with paralysis.
Abnormalities of the voltage-gated sodium channels cause myotonia fluctuans, hyperkalaemic periodic paralysis and paramyotonia congenita. Mutations of the voltage-gated calcium (dihydropyridine) channel cause hypokalaemic myotonia and periodic paralysis, and mutations of the chloride channel cause recessive Becker's myotonia and dominant Thompsen's myotonia. The calcium channel of the sarcoplasmic reticulum is a calciumgated rather than voltage-gated channel. Mutations of this (ryanodine) channel cause some cases of malignant hyperpyrexia, but not myotonia (Figure 4) .
The diagnosis of hyperkalaemic periodic paralysis is confirmed by history and provocation with an oral potassium load 13 . These patients are managed by depletion of body stores with frusemide 40 mg/day for three days preoperatively, avoidance of muscle hyperactivity, of potassium in intravenous fluids and of potassium-releasing drugs. Intravenous dextrose should be administered until oral intake is resumed. Calcium gluconate should remain available to reverse hyperkalaemic flaccid paralysis. Conversely, oral potassium and acetazolamide have been administered preoperatively to a patient susceptible to hypokalaemic periodic paralysis 14 . Acute respiratory alkalosis and glucose-insulin infusions may cause rapid shifts of potassium from the extra-to intra-304 R. BOYLE Anaesthesia and Intensive Care, Vol. 27, No. 3, June 1999 cellular space and should be avoided. Patients whose muscle power fluctuates with changes in serum potassium should have hourly glucose, potassium and acidbase monitoring in addition to the cardiorespiratory and temperature assessment recommended for all patients with channelopathies.
Avoidance of Myotonia
Patients with myotonic dystrophy are at high risk of suxamethonium-induced myotonia and/or masseter muscle rigidity 15 . Clofibrate and propranolol may also cause a myotonic crisis. Other triggers of myotonia include muscle tremor, whether induced by regional or general anaesthesia, diathermy and cold (thermogenic) shivering. However, in a recently described proximal muscle myotonic myopathy, localized warmth induced myotonia 16 . Whilst shivering with regional anaesthesia is poorly related to body temperature, maintenance of normothermia reduces the incidence and duration 17 . Shivering has been described during subarachnoid 18, 19 and epidural 20 anaesthesia for caesarean section. Warming the epidural injectate, intravenous or spinal pethidine, and epidural fentanyl have been used to decrease shivering [21] [22] [23] . Procainamide or mexiletine may be used for myotonia prophylaxis in the sodium channelopathies 24 . A painful intravenous injection of gentamicin or propofol may stimulate biceps flexion and a focal arm myotonia 25 and rapid painful boluses should be avoided.
Anaesthesia and Surgery
The extramuscular manifestations of these diseases may become life-threatening during and after surgery.
Respiratory muscular wasting and weakness cause abnormal sensitivity to premedicant and anaesthetic induction drugs, parenteral and epidural opioids and nondepolarizing relaxants. The doses of most agents have to be modified. Delayed oesophageal and gastric emptying increase the risk of aspiration, but in any case suxamethonium is contraindicated. Induction of general anaesthesia for caesarean section has been performed with thiopentone, vecuronium and application of cricoid pressure during intermittent positive pressure ventilation with a facemask 26 . If nondepolarizing muscle relaxants are used, it is essential that neuromuscular blockade be monitored. Recovery time after vecuronium is increased two to three times and the ED50 may be decreased 27 . Preoperative weakness and stiffness do not correlate with prolonged response times to vecuronium. Atracurium 28 and mivacurium 29 , agents of short or intermediate duration, are preferable to the longer acting pancuronium. If deep inhalational anaesthesia is used for muscle relaxation, postoperative tremor and myotonia may result. Neostigmine has been successfully used for reversal of paralysis, though prolonged weakness and bradyarrhythmia were reported by Buzello 30 . Difficulties with neostigmine were not confirmed by Mitchell 31 .
Bleeding at delivery should be anticipated and cross-matched blood available. Normothermia is maintained by humidifying gases and warming the skin, intravenous and irrigation fluids. Cardiorespiratory and temperature monitoring are necessary during and after delivery. Postoperative extended observation of cardiac and respiratory function is required.
CONCLUSION
Myotonic dystrophy is a true multisystem disease and one of many muscle channelopathies in which myotonia may occur. The best outcome is obtained when the diagnosis is known before delivery or surgery. Caesarean section of a patient with myotonic dystrophy should only be carried out in a centre with facilities for maternal and neonatal resuscitation and intensive perioperative support.
